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(54) LOAD SENSOR SUBSTRATE AND LOAD SENSOR 

(57) The present invention relates to a load sensor 
substrate and a load sensor, and high strength, high 
measurement accuracy, and a simple structure can be 
obtained. To this end. a load sensor substrate (1 00) has 
four smalt holes (21 to 24) formed in a metallic disc (10) 
symmetrically with respect to orthogonal axes (L1. L2) 
whose intersection is the disc center (00). and strain 
gauges (31 to 34) having sensitivity directions which are 
the directions of the orthogonal axes disposed between 
the adjacent small holes (21 to 24). In addition, the load 
sensor secures a load sensor substrate (lOOg) inside a 
recess (320) of a pin (300). and seals the upper portion 
of the recess (320) by a plug (330) so as to be inte- 
grated with the pin (300). 
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Description 

TECHNICAL FIELD 

The present invention relates to a toad sensor sub- 
strate and a load sensor suitable for use in measure- 
ment of a load applied to a structural member. 

BACKGROUND ART 

Hitherto, measurement of loads applied to machine 
structural members have been important from design 
and control viewpoints. A bridge using strain gauges is 
usually employed for the measurement. Strain gauges 
having wire gauges and leaf gauges placed on one sur- 
fiace (or both surfaces) of a flexible resin substrate and 
adhesive applied on the other surface are commonly 
used, and the adhesive side surface is adhered to a 
member to be measured. 

For example, pin-type load sensors for measuring a 
toad applied between pin-connected members have a 
pin in which strain gauges are incorporated, and 
include: 

i] sensors in which a recess is provided on the outer 
surface of the pin, and strain gauges are stucl< in 
the recess; 

il) sensors in which strain gauges are stuck on the 
inner surface of a cylirxlrical pin; and 
iiO sensors in which recesses are provided on both 
end faces of the pin, and a member composed of 
strain gauges stuck to a distortion sensitive section 
is inserted in the recesses and then plugged (for 
example, refer to Japanese Unexamined Patent 
Publication No. 61-145426). 

Load measurement wHh the above-desaibed pin- 
type load sensor Is performed by receiving a shearing 
distortion generated by a load applied to the pin with 
resistance change, and converting an output voltage of 
a bridge due to the resistance change into the load. 
Therefore, the strain gauges are normally adhered with 
sensitivity directions matching the directions of a princi- 
pal stress based on a shearing force. 

Incidentally, as is understood from the above- 
described pin-type load sensors for example, it is impor- 
tant for the load sensor for measuring loads applied to 
machine structural members to have not only high 
measurement accuracy but also high strength. How- 
ever, the above-described conventional pin-type load 
sensors encounter the following problems. 

According to the pin-type load sensors described in 
i), pin strength deaeases because the recess is a 
stress concentration section, in order to increase the 
strength, the pin diameter may be enlarged. However, 
this decreases measurement accuracy. In addition, 
since the strain gauges are exposed, mounting thereof 
is easy, but the streun gauges are easily peeled off, and 
easily damaged, so that the usable life thereof is short 



According to the pin-type load sensors described in 
iO, when the cyGnder is thickened, the strength 
increases, but the measurement accuracy decreases. 
In addition, the strain gauges are difficult to mount 

5 because they are mounted in the cylinder, and they eas- 
ily peeled off. though not as easily to peeled off as the 
above pin-type load sensors described in i). so that the 
usable life thereof is short 

The pin-type toad sensors described in iii) have 

10 high strength and high measurement accuracy How- 
ever, they have a large number of components, such as 
insertion members and plugs, and the structure is com- 
plicated. 

16 DISCLOSURE OF THE. INVENTION 

The present invention has been made to solve the 
problems of the prior art, and its object is to provide a 
load sensor sutsstrate and a load sensor having high 
20 Strength, high measurement accuracy, and a simple 
structure. 

In a fb-st aspect of a load sensor according to the 
present invention, there is provided a toad sensor sub- 
strate having a plurality of strain gauges placed on one 

25 or both surfaces of the substrate, 

wherein the substrate is a disc connprising a plu- 
rality of gently-shaped cut-out holes, and the strain 
gauges are disposed between the cut-out holes. In 
addition, the disc may be a stainless steel disc, and the 

30 Strain gauges may be thin film strain gauges. 

In a second aspect of a load sensor, there is pro- 
vided a load sensor substrate having a plurality of strain 
gauges placed on one or both surfaces of the substrate, 
wherein the substrate is a metallic disc, four 

35 smalt holes symmetric to each other with respect to 
orthogonal axes whose intersection is a disc center are 
fonmed. and strain gauges insulated from the disc and 
having sensitivity directions being directions of the 
orthogonal axes are disposed on the orthogonal axes 

40 between the adjacent small holes. 

In a third aspect of a load sensor, there is provided 
a load sensor substrate having a plurality of strain 
gauges placed on one or txjth surfaces of the substrate, 
wherein the substrate is an approximately cross- 

4s shaped metallic cross-shaped plate, end faces of an 
intersecting portion of the cross-shaped plate are gently 
formed, and strain gauges insulated from the cross- 
shaped plate, and having sensitivity directions being 
directions of the length of a longitudinal section are dis- 

60 posed on the surface of the cross-shaped longitudinal 
section. 

According to the present invention, there is pro- 
vided a load sensor, wherein a load sensor substrate in 
the second or the third aspect of the present invention is 
55 secured in a recess formed in a pin connecting between 
members. 

wherein the upper portion of the recess is sealed 
by a plug so as to be integrated with the pin, 

wherein a lead hole for communication of the 
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recess with the outer end of the pin and guiding lead 
wires of the strain gauges to the outside Is provided, 
and 

wherein a load applied between the members is 
measured. s 

In addition, the recess may be preferably formed at 
the position of a region where shearing force based on 
the load Is generated on the pin, and the toad sensor 
8ut)8trate may be preferably secured In the direction in 
which sensitivity directions of the load sensor substrate ?o 
are the same as the directions of a principal stress 
based on the shearing force. Further, the pin sealed by 
tiie plug may be subjected to surface-hanjening. More- 
over, an amplifier connected to the lead wires may be 
provided in the vicinity of the load eeneor substrate. is 

According to the toad sensor substrate and the load 
sensor as described above, when a toad is applied 
between two menik>ers, shearing force is generated in a 
region of the pin corresponding to a clearance between 
these mentbers. And, a principal stress in an orthogonal 20 
direction Is generated in the region. On the other hand, 
the load sensor 8uk>strate. be it circle, or cross-shaped 
plate, places the strain gauges thereon so that the sen- 
sitivity directions thereof cross to each other at right 
angles. Then, such a load sensor substrate is mounted 25 
to the pin so that the sensitivity directions of the strain 
gauges coincide with the directions of the principal 
stress. This enables to measure the load with high 
accuracy. If the situation is kept as it is, however, the F>in 
strength is not changed, but the strain gauges are 20 
exposed, so that the usable life is shortened. Thus, a 
recess is provided at the region, and the load sensor 
substrate is first fixed In the recess by welding, etc., and 
then the recess is plugged and sealed so as to be Inte- 
grated with the pin. in addition, lead wires from the ss 
strain gauges are Inserted through a lead hole, and 
guided to the outside of the pin. Further, by providing an 
amplifier substrate between the lead wires, the load 
sensor becomes compact in siza By these arrange- 
ments, a load sensor substrate and a load sensor hav- 4o 
ing high strength, high measurement accuracy, and a 
simple structure can be obtained. 

BRIEF DESCRIPTION OF DRAWINGS 

46 

Figs. 1A, 1B, 1C, 1D and 1E are drawings each 
showing a load sensor substrate according to a first 
embodiment of the present invention, in which Fig. 
1A is a front view omitting electrodes therefrom, 
Fig. IB Is a front view, Fig. 1C is a sectional view so 
along IC-IC of Fig. IB, Fig. 1D is a sectional view 
along ID-ID of Fig. 1 B, and Fig. 1 E Is a bridge circuit 
diagram: 

Fig. 2A. Fig. 28, and Fig. 2C are drawings each 
showing a load sensor according to a second 55 
embodiment of the present Invention, In which Fig. 
2A is a front view of a main part cross section in an 
incorporated condition, Fig. 2B is a sectional view 
. along IIB-IIB of Fig. 2A. and Fig. 2C is a bridge cir- 



cuit diagram; 

Fig. 3 A. Fig. 3B, and Fig. 3C are drawings each 
showing a step of embedding and fixing a load sen- 
sor substrate in the load sensor according to the 
second embodiment, in which Fig. 3A is an illustra- 
tion of a first step. Fig. 30 is an illustration of a sec- 
ond step, and Fig. 3C Is an illustration of a final 
step; 

Fig. 4A and Fig. 4B are drawings each showing a 
load sensor according to a third emtx)dimertt of the 
present invention, in which Fig. 4 A is a front view of 
a main part cross section in an incorporated condi- 
tion, and Fig. 4B is a sectional view along IVB-IVB 
of Fig. 4A; 

Fig. 5A, Fig. 5B, and Fig. 5C are drawings each 
showing a load sensor according to a fourth 
embodiment of the present invention, in which Fig. 
5A is a main part front view, Fig. 5B is a bridge cir- 
cuit diagram of a first example, and Rg. 5C Is a 
bridge circuit diagram of a second ecample; 
Fig. 6A and Rg. 6B are drawings each showing a 
load.sensor according to a fifth embodiment of the 
present invention, in which Rg. 6A is a front view of 
a main part cross section In an incorporated condi- 
tion, and Fig. 6B is a sectloral view along VIB-VIB 
of Fig. 6A; 

Fig. 7A, Fig. 7B, and Fig. 7C are drawings each 
illustrating a bridge circuit of the load sensor of the 
fifth embodiment, in which Fig. 7A is a layout draw- 
ing of tiie load sensor substiates. Fig. 7B is a bridge 
circuit cfagram, and Fig. 7C is an illustration of 
arrangement of each of strain gauges of eight load 
sensor substrates 100a to lOOh in Fig. 7A and Fig. 
7B: 

Fig. 8A, Fig. 8B. and Fig. 8C are drawings each 
illustrating the action of the load sensor according 
to the fifth embodiment, in which Fig. 8 A is an illus- 
tration when the direction of a load is fixed, Fig. 8B 
is an illustration when the direction of the load 
changes, and Fig. 8C is an illustration of load syn- 
thesis: and 

Fig. 9A, Fig. 9B, and Fig. 90 are drawings each 
showing a load sensor according to another 
embodiment of the present invention, in which Fig. 
9A is an Illustration of a fOrm in which two load sen- 
sor substrates are moved to one side. Fig. SB is an 
illustration of a fonm in which two load sensors are 
moved to the center, and Fig. 9C is an illustration of 
a form in which two load sensor sU>strates are 
moved to the outside. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The preferred embodiments of a load sensor sub- 
strate and a load sensor according to the present inven- 
tion will be desalbed in detail witii reference to the 
attached drawings. 

A first embodiment will be described with reference 
to Figs. 1A to 1E. Referring to Figs. 1 A to 10, four small 
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holes 21, 22, 23, and 24 (hereinafter, refen-ed to small 
holes 20 when all thereof are pointed) are formed in a 
stainless steel disc 10 of a load sensor 100 synnmetri- 
caliy to each other with respect to an orthogonal axes 
L1 and 12 whose intersection is a disc center Oo. In 
addition, thin film strain gauges 31. 32, 33. and 34 
(hereinafter, referred to as strain gauges 30 when all 
thereof are pointed), which are insulated from the disc 
10 and sensitivfty directions coincide with the directions 
cf the orthogonal axes, are patterned on the orthogonal 
axes LI . and L2 between small holes 21 and 22, 22 and 
23, 23 and 24, and 24 and 21, which are adjacent to 
each other. On another area, electrodes 41 , 42, 43, and 
44 (hereinafter, referred to as electrodes 40 when all 
thereof are pointed) for connecting each of the strain 
gauges 30 through a bridge are patterned. 

The small holes 20 are the holes for preventing 
stress concentration. The small holes 20 of circle are 
ideal. However, since it is essential that the stress con- 
centration can be prerented, the small holes 20 may be 
holes having gentle shape (cutout hole), such as long 
holes, half holes, cmd rice ball-likB holes, instead of cir- 
cle. In addition, so long as a gentle shape, an approxi- 
mately cross-shaped plate in which end faces of an 
intersecting potion of an approximately crossed shape 
are gently nx>lded, for example, a cross-shaped plate 
may be employed instead of the disc 1 0. 

A bridge pattern between the strain gauges 30 and 
the electrodes 40 are formed as an entire bridge shown 
in Fig. IE. This patterning is, as shown in Fig. ID, 
formed by laminating an insulating film 51 made of Si02 
to be fonmed on the disc 10, the strain gauges 30 (only 
strain gauges 31 , 33 are shown in the drawing) made of 
semiconductor thin films due to evaporation, the thin 
film electrodes 40 made by aluminum evaporation, and 
a protective film 52 made of SiNx in this order. Inciden- 
tally, in Fig. 1 E, numeral e denotes a voltage applied to 
the bridge, and E denotes an output voltage of the 
bridga Lead wires 61 . 62. 63 and 64 are soldered onto 
each of the electrodes 40. 

Incidentally, the number of the strain gauges 30 and 
tiie electrodes 40 is not restricted to four, and the 
number of them may be determined for each measure- 
ment object of the load sensor substrate 100. or fdr 
each construction of tolerance, a double-sided Installa- 
tion, a single-sided installation, the presence or 
absence of an external resistance, the above-described 
entire bridge, a semi-bridge, a serial bridge, a parallel 
bridge, and contents of computing. Measurement 
objects of the load sensor substrate 100 include shear- 
ing force, vertical force, and torsional force (incidentally, 
when measuring the torsional force, it can be regarded 
as a torque sensor rather than a load sensor). 

According to such a construction, the disc 10 com- 
prises four small holes 20 and an intersecting portion of 
a approximately cross-shaped plate, etc. is formed into 
a gentle shape, so that stress concentration Is hard to 
occur. In addition, since radial directions between the 
small holes 20 become extension and contraction sec- 



tions, stress anisotropy becomes significant. Further, 
since the load sensor substrate 100 is of a plate shape, 
the load Immediately changes to distortion. These mat- 
tere improve measurement accuracy. 

5 In addition, since the disc 10 and the approximately 
cross-shaped plate are made of metal, the strain 
gauges 30 and the electrodes 40 can be formed Into 
thin films. Such thin film strain gauges 30 can originally 
provide several times of measurement accuracy as 

TO compared vtnth wire gauges and leaf gauges. Moreover, 
the thin film gauges 30 can reduce the size of the load 
sensor substrate 100, and have excellent yield strength 
with respect to vibrations from the outside and a 
mechanical damaging force as compared witii the wire 

75 gauges and the leaf gauges. Incidentally, tiie wire 
gauges and the leaf gauges may be used as needed 
witii respect to tiie metallic disc 10. etc. Furthermore, 
sinoe the disc 10, etc. are made of metal, tiie load sen- 
sor substrate 100 can be directly fastened to a body to 

so be measured, such as a pin and a steel plate, by weld- 
ing and expansion fit 

Next, a second embodiment according to a load 
sensor using the atx)ve-d escribed load sensor sub- 
strate 100 vMll be described. This embodiment relates to 

26 a pin-type load sensor for measuring a load applied 
between members connected tiirough a pin. 

Referring to Figs. 2A to 20, a pin 300 is made of a 
steel member (an SC material, for example), and canti- 
levered. and a stationary member 400 and a rotation 

30 member 500 are connected through the pin. A load F of 
approximately fixed in the downward direction is applied 
to tiie pin 300. A load sensor substrate lOOg, which is 
the same as tiie load sensor 100. is placed and fixed in 
a region P (a clearance between the members 400 and 

35 500) where shearing force due to the load F is gener- 
ated so that sensitivity directions of the strain gauge 30 
coincide with directions of a principal stress based on 
the shearing force. 
' A three-stage countersunk hole (hereinafter, 

40 referred to as a recess 320) is formed in a portion of the 
pin 300 corresponding to tiie region P. as shown in Fig. 
3 A, and ttie load sensor substrate lOOg is secured to 
tiie bottom of the second stage 322 witti tiie outer 
periphery thereof welded, as shown in Fig. 3B. A blind 

45 plug 330 made of steel member is fitted to the first stage 
323, as shown in Fig. 3B, and outer peripheral portion is 
welded. After welding, the blind plug 330 is subjected to 
. high-frequency induction hardening together with the 
surface of the pin 300, whereby a surface-hardened 

50 layer 350 is formed, and thereafter polished. Therefore, 
externally it Is no different from a normal pin, as shown 
in Fig. 30. Incidentally, a sub lead hole 311. which is in 
communication with a storage chamber 31 3 of an ampli- 
fier substrate 70 (refer to Fig. 20) through a main lead 

55 hole 312, is formed in the bottom of ttie third stage 31 1 , 
and lead wires 61 , 62. 63, and 64 from the pin-type load 
sensor lOOg are connected to the amplifier substrate 70 
through tiie lead holes 310 (311. 312). Lead wires from 
the amplHier substrate 70 are connected to a non-illus- 
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trated external operation unit, and the ioad F is calcu- 
lated by the operation unit. 

Incidentally, the shape of the recess 3^ is not 
restricted to three stages, and it may be muHiple stages, 
two stages, one stage, or a tapered hole may be 
employed. In addition, a recess may be also formed in 
the back of the blind plug 330. the outer periphery of the 
load sensor sut>strate I00g may be welded and fixed in 
the recess, the blind plug 330 may be fitted into the 
recess 320 of the pin 300, and the outer periphery may 
be welded (such a feature is included in the claims). In 
addition, although the sub lead hole 31 1 is formed in a 
vertical direction with respect to the pin 300, It may be 
preferably formed into a hole of a slanting direction from 
a strength viewpoint. The bridge of this embodiment is 
connected as shown in Rg. 2C. 

Rgs. 4A and 4B illustrate a load sensor of a third 
emixxfiment, and the pin 300 is supported at its both 
ends by the member 500. The pin 300 has each twos of 
load sensor substrates 100b, 100c I00f, 100g embed- 
ded and fixed, in the manner shown in Fig. 3C, in left 
and right regions P1 and P2 shown in the drawing 
where shearing forces based on the load F F1 -i- F) 
are generated. That is, the region PI has each one of 
the load sensor substrates 100b, and 100c embedded 
In each of front and reverse sides of the paper surface 
of Fig! 4A. On the Other hand, the region P2 similarly 
has each one of the load sensor substrates 1 0Of , and 
1 0Og embedded in each of both front and reverse sides. 
Incidentally, a bridge circuit of this embodiment is a cir- 
cuit In which bridges 203 and 204, and an anrpltfier sub- 
strate 70-2 are excluded with respect to Fig. 7B of a fifth 
embodiment which Is described below. 

Fig. 5A illustrates a ioad sensor of a fourth embodi- 
ment which is the same as that of the third embodiment 
in that the pin is supported at its both ends. However, 
with respect to the paper surface of Fig. 5A, the region 
PI has the load sensor substrate 1 00c embedded in the 
front side, while the region P2 has the load sensor sub- 
strate iOOf embedded in the reverse side to provide a 
load sensor having these two substrates. Figs. 5B and 
5C illustrate exanrples of the bridges in this embodi- 
ment, in which the bridges of the load senisor substrates 
100c and lOOf are connected in parallel to average both 
outputs. 

Figs. 6A and 68 illustrate a load sensor of a fifth 
embodiment, In which the pin 300 is supported at its 
both ends similar to the third and fourth embodiments 
as described atxsve. In the left and right regions PI and 
P2 shown in the drawing where shearing forces are 
generated, eight load sensor substrates 100a to I00h 
are embedded and fixed in the manner shown in Fig. 
SC. That is, the region PI has four load sensor sub- 
strates 100a to lOOd each embedded in each of upper 
and lower, and front and reverse sides of the paper sur- 
face of Fig. 6A. On the other hand, the region P2 simi- 
larly has load sensor substrates lOOe to lOOh each 
embedded in each of upper and lower, and front and 
reverse sides of the paper surface. 



Fig. 7A illustrates eight load sensor substrates 
100a to lOOh embedded in the pin 300. and Fig. 7B 
Illustrates a bridge example of this embodiment. In addi- 
tion. Rg. 7C is an illustration of arrangement of each of 

5 strain gauges 31 (31a, ...31h). 32 (32a, ...32h). 33 (33a, 
...33h]. and 34 (34a, ...34h) in each of the load sensor 
substrates 100a. ...lOOh. Incidentally, each of the strain 
gauges 30 are arranged similarly, numerals of the strain 
gauges 30 are described in Fig. 70. 

10 Actions and effects of the fifth emtxxJiment will be 
described with reference to Figs. 6A to 80 while com- 
paring with the second enrtfxxiiment and the third 
emtxxJiment. 

Referring to Fig. 8A, two load sensor substrates 

16 1 0Ob and 1 0Oc are embedded and fixed so that the di sc 
center Oo coincides with a bending neutral plane Oo of 
the pin 300 based on the load F, and each of the strain 
gauges 30 are on the position rotated through 45" from 
the neutral plane Co (refer to Fig. 1 A). For example, like 

sx> a mounting pin fbr a suspension cylinder of a dump 
truck, when the direction of the load F (vehicle weight) 
with respect to the pin is fixed, the bending neutral plane 
Co is also fixed. Thus, one load sensor substrate may 
be provided (i.e.. the second embodiment). That is. a 

25 bridge construction Is provided in wttich the strain 
gauges 30 are arranged symmetrically to each other 
with respect to the bending neutral plane Co, and tensile 
stress and compressive stress are canceled. Therefore, 
when the load F Is applied, only a principal stress gen- 

30 erated by shearing force due to the load F can be 
detected, so that the load F can be measured with high 
accuracy 

However, the direction of the load F with respect to 
the pin sometimes changes like a turning base and a 

35 boom, a boom and an arm, or an arm arxJ a bucket of a 
hydraulic digging machine. In the case of changing, the 
positions (on the neutral plane Co) of the load sensor 
substrates 100b, and 100c are shifted by an angle of 
rotation 6 with respect to the true bending neutral sur- 

40 face C1 based on the load F, as shown In Fig. 8B. For 
this reason, only one ioad sensor substrate 1 00 like the 
above second embodiment cannot measure the load F 
accurately 

Incidentally, when the directional changes of the 
46 load F are not so substantial, and measuring error due 
to the directional changes is within the permitted limit, 
the construction shown in Fig. 8A, for example, the con- 
struction of the third embodiment and the fourth emtxxl- 
Iment may be erhployed. That is. each of the strain 
60 gauges 30 of two load sensor 6ut>strates 100b, and 
100c provide a bridge for canceling tensile stress and 
compressive stress due to bending based on the load R 
only shearing force due to the load F can be measured 
although errors are included. The errors are generated 
55 by the fact that the more the direction of the load 
changes (the larger the angle of rotation 6), the meas- 
urement becomes smaller. Therefore, when the use 
with an enor of 15 % (-30° < 0 < +30**) is a permitted 
limit, the construction of the third or the fourth embodi- 
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mant may be preferable. 

The fifth embodiment may be preferable when the 
directional changes of the load F cannot be ignored as 
measurement errors, or accurate measurement is 
required, with respect to the third and the fourth emtx)d' 
iments. As shown in Fig. 8C, principal stresses based 
on cos 0 of shearing force due to the load F are meas- 
ured on the load sensor substrates 100c, and 100b. On 
the other hand, principal stresses based on sin e of the 
shearing force are measured on the load sensor sub- 
strates 100a, and lOOd. Therefore, as shown in the 
bridge of Fig. 7B, by calculating both outputs El and E2 
with a microcomputer 600, the load F can be outputted 
accurately. Incidentally, even In this case, it is necessary 
to use a bridge which can cancel tensile stress and 
compressive stress due to bending based on the load R 
That is, according to the fifth embodiment, the load F 
can be measured with high accuracy even if directional 
changes of the load F occur. 

Incidentally, as a mode example of the fifth embod- 
iment, only two load sensor substrates can respond to 
the directional changes of the load F. Referring to Figs. 
6A and 6B, Ibr example, a load sensor may be 
employed which comprises two load sensor substrates 
phased with each other by 90° like the load sensor sub- 
strates 100a and 100b shown on the left of the draw- 
ings, the load sensor substrates lOOe and 100g shown 
on the right of the drawings, or the load sensor sub- 
strates 100a and lOOg shown on left and right of the 
drawings. 

According to the pin-type load sensor of the abwe- 
described embodiments, the load sensor substrate 100 
is arranged In the clearance (regions PI and P2) 
between the members 400 and 500. However, these 
regions PI and P2 are often very narrow. In such a 
case, fbr example, load sensor substrates shown below 
may be employed, and a load sensor on which these 
are arranged may be employed. 

(1) As shown in Rg.SA. both load sensor substrates 
100c and lOOf are moved to the right side so that 
the strain gauges 33c, 34c 33f. and 34t shown on 
the left side of the drawing of each of the left and 
right load sensor substrates 100c and 100f become 
regions PI and P2. Incidentally, although each of 
the load sensor substrates 100c and lOOf comprise 

• four strain gauges 31c. 32c, 33c. 34c, and 31f, 32f, 
33f. 34f, each of two strain gauges are shown in the 
drawing to make them understandable. The same 
is applied to Figs. 9B and 9C. 

(2) As shown in Fig. 9B, the load sensor substrate 
100c is moved to the right side so that only the 
strain gauges 33c and 34c on the left side of the 
load sensor substrate 100c become the region PI. 
On the other hand, the load sensor substrate lOOf 
is moved to the left skle so that only the strain 
gauges 31 f and 32f on the right side of the load 
sensor substrate 100f become the region P2. 

(3) As shown in Fig. 9C. the load sensor substrate 



1 00c is moved to the left side so that only the strain 
gauges 31c and 32c on the right side of the load 
sensor substrate 100c become the region P1. On 
the other hand, the load sensor substrate lOOf is 
5 moved to the right side so that only the strain 
gauges 33f and 34f on the left side of the load sen- 
sor substrate I00f become the region P2. 

Although the embodiments acconjing to the 
10 present invention have been described above, the 
invention is not limited thereta For exarrple. although 
the same numbers of the load sensor substrates 1 00 
are embedded left and right in the drawings, they may 
be embedded only one side when left and right loads F1 
16 and F2 are equal ( F1 ss F2 ). Incidentally, the left and 
right load sensor substrates 100 may be different in 
number according to requirement accuracy. According 
to the third and the fifth embocfiments, as shown in Fig. 
7B. for example, two bridges (201 and 202, 203 and 
20 204) are connected in serial, and polarities are equated 
to provide an additive type. However, as described 
above, according to the object, a parallel bridge, a 
serial, and an AODC power source bridge, eic. may be 
employed. 

26 

INDUSTRIAL APPLICABILITY 

The present invention is useful as a load sensor 
substrate which can provide high measurement accu- 
se racy, and which can be easily reduced in size since 
stress concentration Is relieved, and distortion due to a 
load is easily appeared. In addition, the load sensor 
substrate is embedded in a pin, and the surface is 
sealed to be integrated, so that a load sensor rarely 
35 decreases strength, usable life thereof is long, and uses 
small numbers of components so as to provide a simple 
structure. 

Claims 

40 

1 . A load sensor substrate having a plurality of strain 
gauges placed on one or both surfaces of the sub- 
strate, . 

wherein said substrate is a disc (10) com- 
46 prising a plurality of gently-shaped cut-out holes 
(21 , 22, 23. 24), and said strain gauges (31 . 32, 33, 
34) are disposed between said cut-out holes (21 , 
22, 23, 24). 

60 2. A load sensor substrate according to claim 1, 
wherein said disc (1 0} is a stainless steel disc (1 0), 
and said strain gauges (31 , 32. 33. 34) are tNn film 
strain gauges (31. 32, 33. 34). 

55 3. A load sensor substrate having a plurality of strain 
gauges placed on one or both surfaces of the sub- 
strate, 

wherein said substrate is a metallic disc (10). 
four small holes (21, 22, 23, 24) symmetric to each 
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Other with respect to orthogonal axes (LI. L2) 
Whose intereectbri is a disc center (Oo) are tormed, 
and said strain gauges (31, 32. 33, 34) insulated 
from said disc (1 0). and having sensitivity directions 
thereof being the directions of said orthogonal axes 
(L1 , 1-2) are disposed on said orthogonal axes (LI. 
L2) between said adjacent small holes (21, 22. 23, 
24). 

4. A load sensor substrate having a plurality o1 strain 
gauges placed on one or both surfaces of the sub- 
strate, 

wherein said substrate is an approximately 
cross-shaped metallic cross-shaped plate, end 
faces of intersecting portion of said crose-ehaped 
^bXb are gently formed, and said strain gauges (31 , 
32, 33. 34) insulated from said cross-shaped plate, 
and having sensitivity directions thereof being 
directions of the length of a longitucfinal section are 
disposed on the surface of said cross-shaped longi- 
tudinal section. 

5. A load sensor wherein a load sensor substrate 
(lOOg) according to claim 3 or 4 is secured in a 
recess (320) tormed in a pin (300) connecting 
between members (400, 500), 

wherein the upper portion of said recess 
(320) is sealed by a plug (330) so as to be inte- 
grated with said pin (300), 

wherein a lead hole (310) for communication 
of said recess (320) with the outer end of said pin 
(300) and guiding lead wires (61 , 62, 63, 64) of said 
strain gauges (31, 32, 33. 34) to the outside ie pro- 
vided, and 

wherein a load (F) applied between said 
members (400. 500) is measured. 

6. A load sensor according to daim 5. wherein said 
recess (320) is fonned at the position of a region (P) 
where shearing force based on said load (F) is gen- 
erated on said pin (300), and wherein said load 
sensor substrate (lOOg) is secured in the direction 
in which sensitivity directions of said load sensor 
substrate (1 OOg) are the same as the directions of a 
principal stress based on said shearing force. 

7. A load sensor according to claim 5. wherein said 
pin (300) sealed by said plug (330) is subjected to 

surface-hardening. 

8. A load sensor according to claim 5, wherein an 
amplifier substrate (70) connected to said lead 
wires (61 , 62. 63. 64) is provided in the vicinity of 
said load sensor substrate (10bg). 

Amended claims under Art 19.1 PCT 

1. (Canceled) 



2. (Canceled) 

3. (Canceled) 
s 4. (Canceled) 

5. (Amended) A load sensor which secures a load 
sensor substrate having a plurality of strain gauges 
placed on one or both surfaces of a metallic disc 

10 inside a recess formed in a pin connecting between 
members, 

wherein the outer periphery of said load sen- 
sor substrate (lOOg) is secured to the inner periph- 
eral surface of said recess (320), 

IS wherein the upper portion of said recess 

(320) is separated upward from said load sensor 
substrate (lOOg) so as to be provided with a plug 
^30), and sealed by said plug (330) so as to be 
integrated with said pin (300), 

20 wher^n a lead hole (310) for communication 

of said recess (320) with the outer end of said pin 
(300). and guiding lead wires (61. 62. 63, 64) of 
said strain gauges (31, 32, 33, 34) to the outside is 
provided, and 

26 Wherein a load (F) applied between said 

members (400, 500) is measured. 

6. (Canceled) 

30 7. A load sensor according to claim 5, wherein said 
pin (300) sealed by said plug (330) is subjected to 
surface-hardening. 

8. (Canceled) 

3S 

9. (Additional) A load sensor according to daim 7. 
wherein said surface-hardening Is high-frequency 
induction hardening. 

40 
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